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In the recent paper of Hooper and Goodenough (2010) [10] it was reported that γ -ray emission
from the Galactic Center region contains an excess compared to the contributions from the large-scale
diffuse emission and known point sources. This excess was argued to be consistent with a signal from
annihilation of Dark Matter with a power law density proﬁle. We reanalyze the Fermi data and ﬁnd
instead that it is consistent with the “standard model” of diffuse emission and of known point sources.
The main reason for the discrepancy with the interpretation of Hooper and Goodenough (2010) [10]
is different (as compared to the previous works) spectrum of the point source at the Galactic Center
assumed by Hooper and Goodenough (2010) [10]. We discuss possible reasons for such an interpretation.
© 2011 Elsevier B.V. Open access under CC BY license.1. Introduction
The origin of the emission from the Galactic Center (GC) at
keV–TeV energies has been extensively discussed in the literature
over last few years. In their recent paper, [10] claimed that the γ -
ray emission from the Galactic Center region, measured with the
Fermi LAT instrument [7] cannot be described by a combination of
spectra of known point sources, diffuse emission from the Galactic
Plane and diffuse spherically symmetric component (changing on
the scales much larger than 1◦). An additional spherically symmet-
ric component was suggested to be needed in the central several
degrees. This component was then interpreted as a dark matter
annihilation signal with the dark matter distribution having power
law density proﬁle ρ(r) ∝ r−α , α ≈ 1.34. The observed excess is
at energies between ∼ 600 MeV and ∼ 6 GeV and the mass of the
proposed DM particle was suggested to be in the GeV energy band.
In this work we analyze the Fermi data, used in [10], utilizing
the data analysis tool, provided by the Fermi team.
2. Data
For our analysis we consider 2 years of Fermi data collected be-
tween August 4th, 2008 and August 18th, 2010. The standard event
selection for source analysis, resulting in the strongest background-
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doi:10.1016/j.physletb.2011.10.014rejection power (diffuse event class) was applied.1 In addition, pho-
tons coming from zenith angles larger than 105◦ were rejected to
reduce the background from gamma rays produced in the atmo-
sphere of the Earth.
The Fermi’s point-spread function (PSF) is non-Gaussian and
strongly depends on energy [2,7]. In order to properly take it into
account and better constrain the contributions from Galactic and
Extragalactic diffuse backgrounds we analyze a 10◦ × 10◦ region
around the Galactic Center.
2.1. Model
To describe emission in the 10◦ × 10◦ region we use the model
containing two components — point sources and diffuse back-
grounds.
To model the contribution from the point sources we include 19
sources from 11 months Fermi catalog [3] falling into the selected
region plus 4 additional sources described in [8]. We ﬁx the posi-
tions of the sources to coordinates given in the catalog. We model
their spectra as power law (in agreement with [3]). Thus we have
46 free parameters (power law index and norm for each of the
sources) to describe the point-source component of the model.
To describe the diffuse component of emission, we use the
models for the Galactic diffuse emission (gll_iem_v02.fit)
and isotropic (isotropic_iem_v002.txt) backgrounds that
1 See e.g. http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools.
166 A. Boyarsky et al. / Physics Letters B 705 (2011) 165–169Fig. 1. Signiﬁcance of residuals (1 GeV < E < 300 GeV) in the region around the
Galactic Center. The pixel size is 0.05 deg, shown map is obtained by Gaussian
smoothing by 3 pixels.
Fig. 2. Spectrum of the point source at the GC reported in [8] (green points) to-
gether with the HG10 total spectrum from 1.25◦ (black points), excess, attributed to
DM annihilation in HG10 (blue squares). Continuation of the HESS data [14,6] (blue
points) data with a power law is shown with dashed black lines (cf. [10, Fig. 14]).
(For interpretation of the references to color in this ﬁgure legend, the reader is re-
ferred to the web version of this Letter.)
were developed by the LAT team and recommended for the
high-level analysis [4].2 These models describe contributions from
galactic and extragalactic diffuse backgrounds correspondingly. The
number of free parameters for the diffuse background model is 2
(the norms for each of the backgrounds). The total number of free
parameters in our model is thus 48.
This model is similar to the one described in [8].
2.2. Analysis
The unbinned data analysis was performed using the LAT Sci-
ence Tools package with the P6_V3 post-launch instrument re-
sponse function [13].
We ﬁnd the best-ﬁt values of all parameters of the model of
Section 2.1 (using gtlike likelihood ﬁtting tool) and determine
resulting log-likelihood [11] of the model. Best ﬁt values for the
obtained ﬂuxes agree within statistical uncertainties with ﬂuxes
reported in Fermi Catalog [3] and in [8] (e.g. for the central source
we obtained the ﬂux 5.68×10−8 cts/cm2/s while the catalog gives
(5.77± 0.3) × 10−8 cts/cm2/s).
2 http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/likelihood_tutorial.html.Fig. 3. Top: The “inner” (5◦ around the Galactic Plane) and “outer” regions. Bottom:
Effects of the energy dependence of the effective area for the spectra of the “inner”
and “outer” regions.
We then freeze the values of the free parameters of our model
and simulate spatial distribution of photons at energies 1 GeV 
E  300 GeV (using gtmodel tool) in order to compare with the
results of [10]. The signiﬁcance of residuals, (Observation-Model)/
statistical error (averaged over the energy range, used in computa-
tions), is shown in Fig. 1 (see Fig. 4 for energy-dependent residu-
als). We see the absence of structures in the central 2◦ region. The
average value of residuals is about 10% in the 2◦ region around the
GC, compatible with estimated systematic errors (10–20%) of Fermi
LAT at 1 GeV.3
One possible source of systematic uncertainty in our case can
be the background galactic diffuse emission model (gll_iem_v02.
ﬁts), which can be signiﬁcant specially in the crowded GC region.
This uncertainty comes from the poor knowledge of the distribu-
tion of the gas, magnetic and photon ﬁelds in mentioned region.
Based on the results of the Fermi Science Working Group on Dif-
fuse and Molecular Clouds4 we estimate this uncertainty to be
 10%.
Thus we see that the adopted model (point sources plus galactic
and extragalactic diffuse components) explains the emission from
the GC region and no additional components is required.
3 See e.g. http://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT_caveats.html.
4 See http://fermi.gsfc.nasa.gov/ssc/data/access/lat/ring_for_FSSC_ﬁnal4.pdf.
A. Boyarsky et al. / Physics Letters B 705 (2011) 165–169 167Fig. 4. Radial proﬁle of residuals at different energies around the GC as compared to the radial proﬁle of Crab emission (renormalized so that the total ﬂux in each energy
range coincide). In both cases only front photons were used.Fig. 5. Spectrum of an additional spherically symmetric component, distributed
around the GC as the HG10 excess.
3. Discussion
We conclude that the signal within central 1◦–2◦ , containing
the “excess” found by [10] (HG10 hereafter), can be well described
by our model: (point sources plus Galactic and extragalactic dif-fuse background components). The discrepancy is then due to a
different interpretation of the data.
The spectrum of the central point source (1FGL J1745.6-2900c,
probably associated with the Galactic black hole Sgr A∗) was taken
in HG10 to be a featureless power-law starting from energies
about 10 TeV (results of HESS measurements, blue points with
error bars in Fig. 2, [6,14]) and continuing all the way down to
∼ 1 GeV. The ﬂux attributed in this way to the central point source
is signiﬁcantly weaker than in the previous works. For compari-
son, the (PSF corrected) spectrum of the GC point source reported
in [8] is shown in Fig. 2 in green points. Its spectral characteris-
tics are fully consistent with the results of 11-months Fermi cat-
alog [3] (∼ 6 × 10−8 cts/cm2/s above 1 GeV, compared to the
∼ 5 × 10−9 cts/cm2/s at the same energies in HG10). The change
of the slope of the source spectrum below ∼ 100 GeV, as com-
pared with the HESS data is explained by [8] with the model of
energy dependent diffusion of protons in the few central parsecs
around the GC. Alternatively, the spectrum can be explained with
the model developed in [5]. The low-energy (GeV) component of
the spectra in this model is explained by synchrotron emission
from accelerated electrons, while high-energy (TeV) one by inverse
Compton radiation of the same particles. According to the analysis
of [3,8] the central point source provides signiﬁcant contribution
to the ﬂux in the 1.25◦ central region. HG10 suggest, apparently,
a different interpretation. They assume that there is no signiﬁ-
cant change in the spectrum of the central source at ∼ 100 GeV
168 A. Boyarsky et al. / Physics Letters B 705 (2011) 165–169Fig. 6. Left: 10◦ × 10◦ count map of best-ﬁt model. Right: only contribution from galactic and extragalactic backgrounds is shown.and the spectrum observed by HESS at high energies continues to
lower energies. Then, large fraction of the ﬂux between the en-
ergies ∼ 600 MeV and ∼ 6 GeV has to be attributed to the “DM
excess”. One of the reasons in favor of such an interpretation could
be the feature in the total spectrum from the central region (rise
between ∼ 600 MeV and several GeV) discussed in HG10. Such a
feature would also be consistent with a possible contribution from
millisecond pulsars [1], that is also expected to have a maximum
at ∼ 2–3 GeV.
To illustrate the nature of the spectral shape at these energies
we collected “front converted” (front) photons from the region
of the total width of 10◦ and height of 4◦ parallel to the Galac-
tic Plane and with center in GC (the “inner” region) and from the
“outer” region (remaining part of 10 × 10 degrees region around GC)
as demonstrated on the left panel in Fig. 3. The count rate from
each of these regions was divided by the constant effective area
(3500 cm2) to obtain the ﬂux.5 One sees that the total emission
from both regions demonstrates the same spectral behavior as the
excess of HG10,6 suggesting that this spectral shape is not related
to the physics of the several central degrees. This drop of ﬂux at
low energies is mainly due to the decreasing effective area of the
satellite.7 If we properly take into account the dependence of the
effective area on energy, we obtain the spectrum that “ﬂattens” at
small energies and exceeds by a signiﬁcant factor the ﬂux from
the central point source (as it should) (compare red and magenta
points on the right panel in Fig. 3).
Another reason for the decrease of the HG10 spectrum is
the increase of Fermi LAT PSF at low ( 1 GeV) energies.8 This
means that if one collects photons from a relatively small re-
gion, such that a contribution from its boundary (with the PSF
width) is comparable to the ﬂux from the whole region, the spec-
trum would artiﬁcially decline, due to increasing loss of pho-
5 The effective area of Fermi LAT is strongly energy dependent. The number
3500 cm2, roughly corresponding to the effective area at ∼ 1 GeV, is used here
as a quick expedient (see below).
6 Notice, that in the ﬁrst (preprint) version of HG10 [10] this effect was much
stronger (see Fig. 2 of arXiv:1012.5839v1).
7 http://www-glast.slac.stanford.edu/software/IS/glast_lat_performance.htm.
8 For example, for normal incidence 95% of the photons at 1 GeV are contained
within ∼ 1.6◦ and in 2.8◦ at 500 MeV.tons at low energies. To disentangle properly what photons in
the PSF region had originated from a localized source, and what
are parts of the diffuse background, special modeling is needed.
In the monotonic spectrum of the GC, obtained by [8] both
these effects (effective area and PSF) were taken into account
as it was obtained from 10◦ × 10◦ region, using the Fermi soft-
ware.
To further check the nature of the emission from the cen-
tral several degrees, we took a ﬁducial model, that contained the
same galactic and extragalactic diffuse components plus all the
same point sources, but excluding the point source in the center. We
then ﬁt our data to this new model. Such a ﬁt attempts to at-
tribute as many photons as possible from the region around the
GC to the emission of diffuse components. The procedure leaves
strong positive residuals within the central 1–2◦ . The spectrum
of these residuals is consistent with the spectrum of the central
point source of [8] (green points in Fig. 2). To demonstrate, that
the spatial distribution of these residuals is fully consistent with
the PSF of Fermi, we compare their radial distribution in various
energy bins with the radial distribution around the Crab pulsar (as
it was done e.g. in [12]). The pulsar wind nebula, associated with
the Crab has an angular size ∼ 0.05◦ [9]. Thus, for Fermi LAT Crab
is a point source. The radial proﬁle of residuals at all energies has
the same shape as Crab, as Fig. 4 clearly demonstrates. As an addi-
tional check, we repeated the above test using only front photons
(as in this case the PSF is more narrow) and arrived to the same
conclusion.
The above analysis demonstrates that the emission around the
GC in excess of diffuse components (galactic and extragalactic) is
fully consistent with being produced by the point source with the
power-law spectrum, obtained in [3,8], and no additional component
is required.
A different question however is whether such an additional
component may be ruled out. To this end we have added to our
model of Section 2.1 an additional spherically symmetric compo-
nent, whose intensity is distributed around the center as ρ2(r)
(where ρ(r) ∝ r−1.34, as found in HG10). We observe, that such
a procedure does improve the ﬁt (change in the log-likelihood
is 25 with only one new parameter added). The resulting spec-
tral component is shown in Fig. 5. Some of the photons from the
galactic diffuse background were attributed by the ﬁt procedure
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(within the Galactic Plane). This phenomenon is probably related
to the complicated and highly non-uniform in the central re-
gion galactic diffuse background9 (cf. also the right panel of the
Fig. 6).
We should also note that HG10 modeled diffuse background
differently. They considered contributions from the Galactic disk
and spherically symmetric emission in the region outside central
2◦ and then extrapolated the diffuse model into the innermost
1◦–2◦ , arguing that the contribution does not vary signiﬁcantly in
the range 2◦–10◦ off-center. The background model we used (see
[3,4] for the detailed description) is different from that of HG10,
especially in the central 1–2◦ , where the model ﬂux is higher than
the one extrapolated from larger galactic longitudes, as one can
clearly see on the right panel of the Fig. 6.
Having the above considerations in mind, we think that the
spectrum of the central region, changing monotonously with the
energy, is well described by purely astrophysical model of the
central point source and therefore present data do not require
any additional physical ingredients, such as DM annihilation signal
or additional contributions from millisecond pulsars. However, to
ﬁrmly rule out the emission from DM annihilation in the GC, more
detailed model of the galactic diffuse background is required. Addi-
tionally, with the future data, better statistics will reduce the error
bars on the data point around ∼ 100 GeV which will be helpful to
better understand the central point source physics.
9 See “Description and Caveats for the LAT TeamModel of Diffuse Gamma-Ray Emission”
by the Diffuse and Molecular Clouds Science Working Group, Fermi LAT Collabora-
tion, http://fermi.gsfc.nasa.gov/ssc/data/access/lat/ring_for_FSSC_ﬁnal4.pdf.Acknowledgements
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